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INTRODUCTION, SUMMARY AND CONCLUSIONS
In a rev iew ar t ic le  on ox imetry publ ished in 1960,  Ni lssons states that ' . . . . .  for  any
cuvette used outside the body for the analysis of blood Írom the central parts of
the circulatory system, the dynamic response characteristics are l imited by the
catheter, which must have a certain length. The effect of this can be partially offset
by keeping the catheter  ca l iber  smdl l  and the f lowrate h igh,  but  never theless in  th is
situation the use of microcuvettes fitted on the tip of the catheter would be
advantageous'. ln 1944 Opitzas already had constructed an oxygen probe (Sauer-
stoffsondel for the continuous measurement oÍ mixed venous oxygen saturation in
the r ight  ventr ic le  of  dogs.  He appl ied the probe for  the cont inuous measurement  of
card iac output  us ing the Fick pr inc ip le.  The oxygen probe consisted of  a p lex ig lass
housing mounted on a catheter  and which conta ined a smal l  lamp and a photocel l .
Between lamp and photocel l  the b lood could f low through a s l i t  wi th p lanparal le l
walls and a width of about 1 mm. The greatest diameter of the device was 1 cm.
Hel ler  et  a/ . le  used a s imi lar  device for  the recording of  dye d i lu t ion curves.  In
1958 Bendera described a Photozellenkatheter Íor continuous intracardiac and
int ravascular  ox imetry.  His microcuvet te had a maximum diameter  of  about  5 mm
and was mounted on an F9 cardiac catheter. He applied the catheter in diagnostic
cardiac catheterizationss. According to Nilssona these devices never came into
general  use,  however,  because of  technical  d i f fucul t ies in  thei r  product ion and
because the recorded curves showed considerable fluctuations, possibly due to flow
effects, in the apparent oxygen saturation.
The appl icat ion in  1962 by Polanyi  and Hehirso oÍ  opt ica l  f ibers solved the
most  important  problems in th is  f ie ld.  Opt ica l  f ibers mounted in a card iac atheter
guide the l ight from a source outside the body into the blood at the tip oÍ the
catheter and guide the backscattered (reflected) l ight to a photocell which is also
outs ide the body.  The technical  advantages are obvious.  The l ight  source and the
measur ing system are not  l imi ted in  thei r  d imensions.  The opt ica l  f ibers are th in;
even the smaller size catheters can contain enough fibers to perform reliable
measurements.  Appl icat ion in  smal l  ch i ldren is  thereÍore possib le.  The measur ing


















source so that measurements in two spectral regions can be made. Most of the flow
effects can therefore be compensated for.
The conduction of l ight along transparent cylinders by multiple total internal
ref lect ions is  a fa i r ly  o ld and wel l  known phenomenon (Kapany28 ) .  l t  was f i rs t
described by Tyndall in 1870. The development of modern systems applying fiber
optics, however, began only after 19b0. In 19b4 Van Heel62 described a new
method of transporting images and Hopkins and Kapany2o described a flexible
fibrescope. Van Heel used glass or plastic f ibers with a coating of lower refractive
index than rhar of the core The coating serves to provide optical insulation and
protectÍon to the total reflection interface.
The optical properties of the fibers are determined by the absorption specrrum
of the core material, the numerical aperture and the diameter as well as the length
of the fibers. In chapter 2 the absorption spectra of glass and plastic f ibers are
shown (fig. 2.2). Glass transmits l ight to almost the same degree over a wide range,
while the plastic f ibers which we have at our disposal show clear transmission
maxima and minima. Therefore catheters with optical f ibers of glass and plastic are
not simply interchangeable.
The numerical aperture is a measure of the meridional acceptance angle of a
fiber and is given by
( 1 . 1 ) / v=n  s in  g  =  f (no l2  -  ( r r l , l%
where lv = the numerical aperture, n = the refractive index of the medium, g = the
maximum angle of incidence at which total reflection sti l l  occurs inside the fiber,
nO = the refractive index of the fiber core and nt = the refractive index of the
coat ing ( f ig .  1.1) .  The numer ical  aper tures in  a i r  (n = 1.0)  of  the g lass and p last ic
Fig '  1.1 l l lustrat ion of  l ight  inc idence and passage through an opt ical  f iber .  Angre 0 is  the
maximum acceptance angle for light rays incident in a plane through the axis of the
fiber, at which they are propagated arong the fiber. This angre is determined by the.
refract ive indices oÍ  the core (nn ) ,  the coat ing (n,  )  and the medium (r) .  L ight  íncident
at a greater angle (interrupted line) is not totally reflected and escapes from the fiber.(Modi f ied f rom Kapany2E).
f ibers of the fiberoptic catheteÍs used in this study are 0.96 and O.so respectively.
The apex angles of the accepted incident l ight cone belonging to this are l lgo and
60" respectively. In blood plasma with a refractive index of 1.35, these figures are
78o and 44o respectively. The fiber diameter and the angle of incidence determine
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the  number  o f  in te rna l  re f lec t ions ;  the  smal le r  the  d iameter  and the  grea ter  the
ang le  o f  inc idence,  the  grea ter  the  number  o f  in te rna l  re f lec t ions  and the  grea ter  the
l igh t  loss .  The op t ica l  l igh t  pa th  i s  de termined by  the  length  o f  the  Í iber  and the
ang le  o f  inc idence.  The to ta l  l i gh t  loss  is  de termined by ' the  op t ica l  l igh t  pa th ,  the
number  o f  in te rna l  re Í lec t ions  and the  absorp t ion  charac ter is t i cs  o f  the  core
mater ia l .  Most  exper iments  descr ibed in  th is  thes is  were  done w i th  ca the ters
conta in ing  g lass  Í ibers  w i th  a  d iameter  o f  50  pm.  The p las t i c  f ibers  used in  some
instances had a diameter of 250 pm.
The f i rs t  f  iberop t ic  ox imeter  descr ibed by  Po lany i  and coworkers l2 '50
employed g lass  f  iber  ca the ters .  The f  ibers  were  th readed th rough a  s tandaÍd  card iac
cathe ter .  A t  the  prox ima l  end the  f iber  bund le  was d iv ided in to  two par ts ,  one
serv ing  Ío r  i l l umina t ion ,  the  o ther  fo r  the  re f lec ted  l igh t  to  be  measured.  The f ibers
o f  the  two bund les  were  mixed randomly  a t  the  t ip  o Í  the  ca the ter .  The ins t rument
conta ined a  ro ta t ing  d isc  w i th  two l igh t  f i l te rs ,  one w i th  peak  t ransmiss ion  a t  À  =
660 nm,  the  o ther  a t  À  =  805 nm.  Th is  in te r rup ted  the  l igh t  beam focussed on  the
i l luminat ing  (e f fe ren t )  f iber  bund le .  F i rs t  a  low ro ta t ing  f requency  (20-30s- r )was
used;  in  a  la te r  vers ion  th is  was 540 s -1 .  One photomul t ip l ie r  tube a t  the  end o f  the
measur ing  f iber  bund le  measured the  re í lec ted  l igh t  a l te rna te ly  a t  the  two
wave lengths .  The measurement  a t  À  =  660 nm is  dependent  on  the  oxygen
satura t ion ,  the  one a t  À  =  805 nm a lmost  independent  o f  oxygen sa tura t ion .  The
cho ice  o f  wave lengths  was based on  re f lec tance curves  o Í  unhemolyzed can ine
b lood samples  ob ta ined w i th  a  record ing  spec t rophotometerso .  A t  À  =  805 nm no
d i f fe rence in  re f lec tance be tween oxygenated  and deoxygenated  b lood was found;
a t  À  =  660 nm the  d i f Íe rence was max imal .  The measurement  a t  À  =  805 nm was
used for compensation of non-specif ic effects, such as bloodflow and hemoglobin
concent ra t ion .  The ra t io  o f the  photoce l l  ou tpu ts  fo r  the  two co lours  appeared to  be
la rge ly  independent  o f  var ia t ions  in  b loodf low or  hemoglob in  concent ra t ion ;  a
l inear  re la t ion  was found be tween the  ra t io  o Í  re f lec ted  l igh t  in tens i t ies  a t  À  =
805 nm and 660 nm 88ns/R6fo1 .  The ins t rument  was a lso  su i ted  fo r  the
record ing  o Í  indocyan ine  green d i lu t ion  curves .  The f i l te r  w i th  peak  t ransmiss ion  a t
À  =  805 nm,  the  wave length  o f  max imum absorp t ion  by  indocyan ine  green a t  the
occur r ing  concent ra t ions  in  b lood,  was  employed fo r  measur ing  the  dye  concent ra -
t ion .  For  compensat ion  a  910 nm f i l te r  was  used;  the  dye  does  no t  absorb  l igh t  a t  À
> 890 nm,  so  tha t  the  measurement  a t  À  =  910 nm is  independent  o f  dye
concentrat ion. The rat io of ref lected l ight intensit ies Felo,/Res appeared to
change l inear ly  w i th  dye  concent ra t ion .  Severa l  papers  have repor ted  on  the
a p p l i c a t i o n  o f  P o l a n y i ' s  i n s t r u m e n t  i n  c l i n i c a l  c o n d i t i o n s E '  l s '  1 6 ' 2 r ' 2 2 ' 2 3 ' s 1  ' & .
-f  
he newest Í iberoptic oximeter/densitometer developed by the American
Opt ica l  Corpora t ion*  has  been prov ided w i th  l igh t  emi t t ing  d iodes  a l te rna te ly
* American Optical Corporation, Research Division, Framingham, Mass., USA.
i l luminating the optical f ibers and a solid state photocell instead of the photo-
multiplier tubeae. A solid state fiberoptic oximeter is also descr'rbed by Johnson et
a1.26 and by Cole et al.e.
The fiberoptic reflectometer described in this study employs continuous
compensation as the instrument of Mook et al.ar. A tungsten lamp is used as l ight
source. The reflected l ight is divided into two separate beams with a dichroic mirror
or a beam splitter and, after passage through light Í i l ters, measured by two sil icium
barrier layer photocells. In the latest version the 100 W lamp hasbeen replaced by
an endoscope lamp of 0.9 W (see addendum). The choice of the wavelengths of
peak transmission of the l ight f i l ters can best be discussed in view of the reflection
spectra of oxygenated and deoxygenated blood as determined by fiber optics and
the absorption spectrum of indocyanine green (fig. 1.2). This figure also shows the
absorption spectra of hemoglobin and oxyhemoglobin. The wavelength chosen by
Polanyi and coworkers for measuring oxygen saturation (À = 660 nm) corresponds
with the wavelength of maximum sensitivity of the spectrophotometric deter-
mination of oxygen saturation@. From the fiberoptic reflection spectra it was
calculated that from À = 700 nm downwards the sensitivity of the f iberoptic
Fig.  1.2 Transmission spectra of  hemoglobin (Hb).  oxyhemoglobin (HbO, ) ,  indocyanine green
(r9) and fiberoptic reÍlection spectra of oxygenated {RUUO. } and deoxygenated
(Bgg) b lood.  For Hb and HbO, the ext inct ion coeÍ f ic ients 'e are plot ted against
wavelength À,  for  the dye the opt ical  densi ty D oÍ  a5 mg. l - r  solut ion in p lasma ( l ight
path length 1.0 cm). The Íiberoptic reÍlection spectra have been drawn according to
data oÍ  Mook et  a/ ,4r .
reflection measurement for oxygen saturation increases towards À = 600 nm4l . At
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photocel l  output may be too low for rel iable measurement. Therefore a wavelength
shou ld  be  chosen as  near  to  600 nm as  is  admiss ib le  in  te rms o f  photoce l l  ou tpu t .
Somewhat arbitrari ly 640 nm has been chosen. From the absorption spectra i t  is
obvious to choose ). = 800 nm (or 805 nm) as compensation wavelength
( independent  o f  oxygen sa tura t ion) .  The re f lec t ion  spec t ra ,  however ,  show an
isobestic region between 840 and 900 nm. Because of this the compensation
wavelength should be chosen in this region. The reason for taking the isobestic
wave length  fo r  compensat ion  has  been the  be l ie f  tha t  in  th is  case a  l inear  re la t ion
may be expected to exist between the rat io oÍ ref lected l ight intensit ies and oxygen
saturation. This, however, appeaÍs not to be the case. Therefore, the compensation
wave length  may be  sh i f ted  a  l i t t le  fu r ther  to  the  in f ra red .  as  we l l ,e .g .  to  920 nm.
Th is  has  the  very  impor tan t  advantage tha t ,  because indocyan ine  green does  no t
absorb l ight above À = 890 nm, the oximeter can be almost insensit ive to dve. As
wi l l  beshown in  chapter  2 ,  the  fac t  tha t  the  compensat ion  wave length  is  no t  exac t ly
isobes t ic  has  no  in f luence on  the  re la t ion  be tween the  ox imeter  ou tpu t  and oxygen
satura t ion .  The argument  tha t  the  compensat ion  wave length  shou ld  be  isobes t ic  to
obta in  a  l inear  ca l ib ra t ion  l ine  on ly  ho lds  fo r  spec t rophotomet ry  o f  hemolyzed
b lood samples .  Moreover ,  a t  p resent  a  non- l inear  ins t rument  can eas i l y  be  made
l inear  by  e lec t ron ic  means.
For  the  de terminat ion  o f  indocyan ine  green concent ra t ion  À =  800 nm has  been
chosen as  measur ing  wave length .  A t  th is  wave length  a  d i lu ted  so lu t ion  o f  dye  in
p lasma shows max imum absorp t ion  (see a lso  chapter  3 ) .  The re f lec t ion  spec t rum o f
a  b lood-dye mix tu re  a lso  shows tha t  the  d i f fe rence in  re f lec t ion  o Í  b lood w i thout
dve and b lood w i th  dye  is  max imal  a t  À  =  800 nmar .  The 920 nm f i l te r ,  wh ich  is
general ly used for compensationt ' '4t.  has been omitted. The spectral composit ion
o f  l igh t  used fo r  compensat ion  thus  is  de termined by  the  spec t ra l  charac ter is t i cs  o f
lamp,  photoce l l  and beamsp l i t te r .  As  is  shown in  chapter  2  the  f iberop t ic
dens i tometer  w i thout  a  f i l te r  in  the  compensat ing  channe l  g ives  be t te r
compensat ion  fo r  f low e f fec ts  and a  somewhat  lesser  sens i t i v i t y  to  chanqes in
hemoglob in  concent ra t ion .
The oxygen saturation measurement is based on the measurement of the rat io oÍ
l igh t  re f lec t ions  ( re f lec ted  l igh t  in tens i t ies )  a t  two wave lenghts .  Th is  means tha t ,
because the  re f lec t ion  measurement  shou ld  be  re la ted  to  some k ind  o f  s tandard ,  the
ins t rument  shou ld  be  s tandard ized be forehand;  us ing  a  s tandard  re f  lec t ion  sur face
the  ampl i f i ca t ion  (o r  sens i t i v i t y )  o f  the  channe ls  i s  ad jus ted  to  a  cer ta in  ra t io .
Or ig ina l l y  Po lany i  used to  th is  end mi lk  o f  magnes ia ,  a  suspens ion  o f  magnes ium
hydroxide. The latest version of the American Optical ín vivo oximeter employs
catheters with a white bal l  on a cage mounted at the t ip. The ref lect ion of this
wh i te  ba l l  i s  used as  a  s tandard  re fe rence.  We u t i l i ze  a  sur face  mi r ro r  Ío r  th is
purpose.  For  dens i tomet ry  o f  indocyan ine  green s tandard iza t ion  o f  the  ra t io  o Í  the
l ight ref lect ions is not necessary. For each subject the change oÍ the rat io from zero
dye concentration to a known dye concentration is recorded during calibration.
When this change is expressed as a fraction of the ratio obtained for blood without
dye, the individual values appear to differ les than 10o/o Í the mean found for
different subjects, provided that the hemoglobin concentration is taken into
account. One may consider, therefore, to work with an average calibration related
to hemoglobin concentration. As already indicated by Ten Hoor6r, an objection
against he use of an average calibration is that the injected amount of dye should
be known accurate ly .  This  may be d i f f icu l t ,  main ly  because the amount  of  dye in
the flasks, as dil ivered bv the manufacturer, can differ ! 1O7o from the stated
amount6l . When the dye dilution curves and the calibration are made with
accurately known volumes of the same dye solution, the concentration of this
solution does not need to be known for the calculation of the cardiac output.
ln this thesis the basic construction of the fiberoptic reflectometer and the
Íactors determining the blood ref lection measured by the instrument are described
in chapter 2. Attention is paid to the construction of the f iberoptic catheters. The
problem of 'cross-talk'. the direct transmission of l ight from the i l luminating to the
measuring optical f iber bundle, is discussed. Cross-talk can be caused by deÍects in
the coating of the fiber or by broken fibers. lt gives false information. From
measurements and calculations it appears that for clinical purposesthe rror in the
oxygen saturation measurement due to a cross-talk oÍ 4Yo loÍ the blood reflection at
À = 800 nm) is acceptably small. For densitometry of indocyanine green a cross-talk
oÍ loo/o is acceptable. The influence of non-specific factors such as bloodflow
velocity and hemoglobin concentration, on the ratio of blood reflections at two
wavelengths is  amply examined.  When compar ing the ox imeter  and the densi to-
meter the influence of changes in flow velocity on the oximeter signal given by the
ratio of l ight reflections at tr = 640 and 920 nm Bcn/Rgzol , is greatest. This
inf luence a lso appears to be dependent  on the oxygen saturat ion;  the smal lest  f low
disturbance is found between 80 and 90% oxygen saturation. The effect of changes
in hemoglobin concentration on the oximeter signal appears to be oxygen
saturation dependent as well. The results oÍ in vitro measurements with pig blood
show that above 90% oxygen saturation the influence of changes in hemoglobin
concentration is but slight. At 50% oxygen saturation the apparent increase in
saturat ion for  a decrease in hemoglobin concentrat ion f rom 10 tot  10 g 'd l -1 is  10%.
The relation between the logarithm of the ratio gon 13no and the oxygen
saturation is not strictly l inear. However, the ratio R{5/Rffi, as used by Polanyi
and coworkerst ' '  to ,  is  not  l inear  wi th oxygen saturat ion e i ther .  l t  has been
decided to use log Rffi/Rno, partly because of former experience66, partly
because it seemed more convenient o work with a quantity, which increases with
increasing oxygen saturat ion.  The standard ev iat ion of  the d i f ferences between the
fiberoptic oximeter and the Radiometer oxygen saturation meter (OSM1) values of
145 pig blood samples (range 0-100% saturation, hemoglobin concentration
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9.6-16 .1  g 'd l - t )  i s  3 .33% sat r - : ra t ion .  For  91  measurements  ob ta ined in  10  dog
exper iments  a  s tandard  dev ia t ion  o f  2 .7oÁ oxygen sa tura t ion  has  been found
(sa tura t ion  range 20-100%).  l f  the  ca l ib ra t ion  wou ld  have been cor rec ted  fo r  the
hemoglob in  concent ra t ion ,  undoubted ly  the  main  cause o Í  the  sca t te r  in  these
measurements ,  the  s tandard  dev ia t ion  wou ld  have been smal le r .  When the  h ighes t
accuracy  is  needed,  e .g .  Ío r  the  record ing  o f  oxygen hemoglob in  equ i l ib r ium curves ,
ind iv idua l  ca l ib ra t ion  is  necessary .
As  a l ready  s ta ted ,  fo r  dens i tomet ry  o f  indocyan ine  green the  combina t ion 'no
f i l te r ' /800  has  been chosen.  The ra t io  o f  l igh t  re f lec t ions  R/R?N appears  to  be
l inear ly  re la ted  to  dye  concent ra t ion  a t  leas t  up  to  50  mg.  l -1 .  The l inear i ty  o f  the
R%/  R8w ra t io  does  no t  go  fu r ther  than up  to  30  mg.  l -1 .  The sens i t i v i t y  o f  the
dens i tometer  ou tpu t  to  oxygen sa tura t ion  is  smal l .  Because o f  the  necess i ty  to  use
measurements  a t  two wave lengths ,  i t  i s  d i f f i cu l t  to  f ind  a  wave length  combina t ion
tha t  i s  comple te ly  insens i t i ve  to  oxygen sa tura t ion .  In  most  app l i ca t ions  the
ox imeter  i s  used nex t  to  the  dens i tometer .  l t  i s  there fore  very  impor tan t  tha t  the
ox imeter  i s  insens i t i ve  to  indocyan ine  g Íeen.  The commerc ia l l y  ava i lab le  Í iberop t ic
ox imeters  and most  cuvet te  ox imeters  do  no t  ye t  fu l Í i l  th is  requ i rement ,  because
they  s t i l l  u t i l i ze  À  =  800 nm fo r  compensat ion .  When our  f iberop t ic  ox imeter  i s
prov ided w i th  an  800 nm f i l te r ,  the  apparent  change in  oxygen sa tura t ion  fo r  a  dye
concent ra t ion  o f  5  mg ' l -1  i s  +7o/o  sa tura t ion  a t  100% oxygen sa tura t ion  and
increases  a t  lower  sa tura t ions  up  to  +20% at3oo/o  sa tura t ion .  Us ing  the  920 nm f i l te r
the  apparent  change in  oxygen sa tura t ion  fo r  the  same dye concent ra t ion  is  -2%
satura t ion  over  the  who le  sa tura t ion  sca le .  That  the  ins t rument  i s  no t  comple te ly
insens i t i ve  to  the  dye  is  exp la ined by  the  fac t  tha t  indocyan ine  green s t i l l  absorbs
some l igh t  a t  À  =  640 nm.
In  some pre l im inary  dog exper iments ,  card iac  ou tpu t  de terminat ions  f rom
cent ra l  dye  d i lu t ion  curves ,  recorded w i th  the  f iberop t ic  dens i tometer  in  the
pu lmonary  a r te ry ,  and f rom per iphera l  d i lu t ion  curves  recorded s imu l taneous ly ,
were compared. Ouite large discrepancies were found. These may be due to the fact
tha t  the  b loodf low is  var iab le ,  e .9 .  w i th  resp i ra t ion .  Theore t ica l l y ,  cons ider ing  the
exper imenta l  cond i t ions ,  cons iderab le  e r ro rs  may be  expec ted ,  espec ia l l y  in  the
va lues  ob ta ined f rom the  cent ra l  d i lu t ion  curves3.  A t  f i r s t ,  par t  o f  the  d i f Íe rence
found between central and peripheral measurement was thought to be caused by
the  dye ,  wh ich  in  the  case o f  cen t ra l  in jec t ion  and measurement  had no t  been g iven
enough t ime fo r  spec t ra l  s tab i l i za t ion .  A t  tha t  t ime Saunders  e t  a l .s2  had jus t
descr ibed exper iments ,  in  wh ich  indocyan ine  green d i lu t ion  curves  gave an
overes t imate  o Í  the  b loodÍ lowÍa te  o f  a lmost  30%.  At  the  t ime o f  measurement the
spec t ra l  change occur ing  on  d i lu t ion  o f  the  concent ra ted  in jec ta te  in  the  b lood
wou ld  no t  ye t  have become s tab i l i zed .  Chapter  3  descr ibes  exper iments f rom wh ich
i t  i s  conc luded tha t  a t  37o C spec t ra l  s tab i l i za t ion  takes  less  than 2  s ,  p rov ided tha t
the  in jec ted  dye  has  been d isso lved in  d is t i l l ed  water  on ly .  l t  i s  a lso  shown tha t  the
addition of protein and electrolytes to the injectate is responsible for delayed
spectral stabil ization. lt is not probable that the discrepancies in our cardiac output
determinations were due to this effect. The dye had always been diluted in pure
water and the appearance time of the dilution curves was seldom less than 2 s.
In chapter 4 the f iberoptic oximeter, as it has been improved is dealt with. The
oximeter  output  s ignal  has been made l inear  and is  therefore sui table for  d ig i ta l
display of the oxygen saturation. In cooperation with the Department of Pediatric
Cardiology of the University Hospital Groningen (Prof. dr. K. K. Bossina) the
fiberoptic oximeter has been applied during diagnostic cardiac catheterizations
Some results are discussed.
The most important clinical application of the f iberoptic oximeter wil l probably
be the continuous monitoring of oxygen saturation. This may be the arterial
oxygen saturation e.g, in acute pulmonary conditions or during anesthesia, or the
central (mixed) venous oxygen saturation32. When the oxygen consumption of the
body and the arterial oxygen saturation are constant, the mixed venous oxygen
saturation depends on cardiac .output only. Under these conditions changes in
mixed venous oxygen saturation thus reflect changes in cardiac output. Without
monitoring of the arterial oxygen saturation, a decrease of the central venous
oxygen saturation is more diff icult to explain, since a decrease in arterial oxygen
saturation as well as a fall in cardiac output may be the underlying cause. Among
the numerous applications of the fiberoptic oximeter in experimental physiology,
the direct recording oÍ the oxygen hemoglobin equil ibrium curve rn vivo appears
the most important onea6.
Chapter 5 describes the fiberoptic densitometer and its applications. Special
attention is paid to the calibration and to the calculation of cardiac output. A
simple semi-automatic analog cardiac output calculator has been developed,
consisting essentially of an integrator and a divider. Special thin (F 3.5) catheters
and an F5 catheter with injection lumen have been constructed for use in infants.
Examples of dye dilution curves recorded during cardiac catheterizations in
children are shown. The fiberoptic densitometer is pre-eminently suited for the
measurement of shunts. A method of determining bidirectional shunts has been
developed and applied in patients with a tetralogy of Fallots. In some cases
calculations have been based on two dilution curves recorded simultaneously in a
pulmonary vein and the aorta using two f iberoptic densitometers.
A short description of the latest improvement of the fiberoptic l ight source and
detection unit is given in the addendum.
